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(57) ABSTRACT 

A support sleeve for supporting a high temperature process 
tube comprises one or more circumferential channels, each 
channel connected to either a feed for gas or a vacuum 
exhaust. One circumferential channel opens to the top sur 
face of the sleeve, on Which the process tube is supported to 
provide a gas/vacuum seal betWeen the process tube and 
support sleeve. Another circumferential channel is con 
nected to a gas feed and provided With gas injection holes, 
evenly distributed along the support sleeve perimeter to 
provide a cylindrically symmetrical injection of process gas 
into the process tube. Another circumferential channel is 
connected to an exhaust for gas and provided With gas 
exhaust holes, evenly distributed along the circumference of 
the support sleeve, to provide a cylindrically symmetric 
exhaust of process gases from the process tube. 
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PROCESS TUBE SUPPORT SLEEVE WITH 
CIRCUMFERENTIAL CHANNELS 

REFERENCE TO RELATED APPLICATION 

[0001] This application claims the priority bene?t of US. 
Provisional Application Serial No. 60/365,354, ?led Mar. 
15, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to furnaces for 
semiconductor Wafer processing and, more particularly, to a 
process tube support sleeve used in high temperature pro 
cessing. 

BACKGROUND OF THE INVENTION 

[0003] For a number of reasons, furnaces commonly used 
for semiconductor processing have shortcomings. 

[0004] For example, furnaces used in the semiconductor 
industry for high temperature processing, e.g., processing at 
temperatures in the range of about 1100° C. 1350° C., 
typically use process tubes formed of SiC (silicon carbide). 
Silicon carbide is used to form the process tubes because it 
desirably is a material that can Withstand high temperatures 
and because it is available in adequate purity for use in 
semiconductor processing. 

[0005] Aproblem encountered With SiC, hoWever, is that 
it has a high thermal conductivity. Because of this high 
thermal conductivity, the extremities of a SiC process tube, 
located aWay from the heating elements in a furnace, remain 
very hot even in comparison to parts of the process tube next 
to those heating elements. Thus, SiC can conduct heat aWay 
from the areas near the heating elements, resulting in unde 
sirable heat loss at the extremities of the process tube. To 
minimiZe heat loss aWay from the process tube, US. Pat. 
No. 5,662,470, assigned to ASM International N.V., 
describes use of a quartZ support sleeve, Which is less 
thermally conductive than a similar part made of SiC, 
betWeen the process tube and a cooler metal support struc 
ture. 

[0006] Where various parts of a furnace meet, a seal is 
generally required to prevent leakage of process gas out to 
the ambient environment and leakage of ambient air into the 
process tube. Because of its high thermal conductivity, the 
temperature of a SiC process tube at the location of a seal 
Will be close to the operating temperature of the furnace and, 
so, the seal should be temperature resistant, especially if the 
furnace is used for high temperature processing. In US. Pat. 
No. 5,662,470 a seal is formed by simply contacting surfaces 
of the SiC process tube With surfaces of the quartZ support 
sleeve. Such a seal, hoWever, can still alloW some leakage of 
process gas and ambient air and, so, is not adequate for use 
in cases Where a high purity atmosphere inside a process 
tube is required. 

[0007] In addition to problems stemming from process 
tube atmosphere purity requirements, another problem relat 
ing to furnaces stems from thermal effects caused by feeding 
gases into a vertical furnace. Before entering the furnace, a 
gas should be heated from room temperature to the process 
temperature. In one design according to the prior art, a gas 
feed tube is mounted on the outside of the process tube. Gas 
is supplied at the bottom of the feed tube, located near the 
bottom of the process tube, and ?oWed in an upWard 
direction through the feed tube to the top of the furnace, 
Where it is introduced centrally into the reaction chamber. 
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This scheme causes radial asymmetries in temperature over 
the length of the process tube because the gas, While ?oWing 
through the gas feed tube and up the length of the process 
tube, heats up by WithdraWing heat from the furnace Where 
the gas feed tube is located. In addition, gas introduction at 
the process tube top results in stronger thermal effects on the 
uppermost Wafers relative to the loWer Wafers. 

[0008] Apart from thermal effects caused by a gas feed, 
the movement of gas feeding into and exhausting out of a 
process tube can give rise to a How pattern inside the process 
tube that is not cylindrically symmetrical, i.e., the How 
pattern is not symmetrical over horiZontal cross-sections of 
the process tube. This asymmetrical ?oW pattern can give 
rise to non-uniformities in the process results on Wafers 
processed in the process tube. 

[0009] One possible solution for minimiZing these non 
uniformities in process results is to rotate, during processing, 
the boat containing the Wafers. By rotating the Wafers, local 
non-uniformities are smeared or averaged out over a com 

plete circle. HoWever, for high temperature applications it is 
dif?cult to provide a boat rotation mechanism and rotation 
feed-through that is suf?ciently resistant to the high tem 
peratures (e.g., 1100° C.-1350° C.) employed in such appli 
cations. 

[0010] A further problem With commonly used furnaces is 
that manufacturing a SiC process tube is costly and com 
plicated, especially When gas feed tubes or gas distribution 
tubes need to be incorporated into the process tube. 

[0011] Accordingly, it is an objective of the present inven 
tion to provide methods and structures for a furnace that 
overcome one or more of the disadvantages and dif?culties 
discussed above. 

SUMMARY OF THE INVENTION 

[0012] In accordance With one preferred embodiment of 
the invention, a support sleeve is provided for supporting a 
process vessel in a furnace for semiconductor processing. 
The support sleeve comprises a top and a bottom surface and 
a Wall de?ning the support sleeve. The Wall has at least one 
channel, With surfaces of the Wall de?ning sides of the 
channel. The channel extends in a horiZontal direction along 
the Wall and is connected to a gas communication line. 

[0013] In accordance With another preferred embodiment, 
a semiconductor processing furnace is provided. The fur 
nace comprises a process vessel support sleeve having a ?rst 
surface on Which the process vessel is supported, the ?rst 
surface having a perimeter. The furnace also comprises a 
process vessel that overlies the support sleeve and has a 
second surface. The second surface contacts the ?rst surface, 
Which has an opening in that surface. The opening extends 
along a length of the interface betWeen the ?rst surface and 
the second surface and the interface extends along the length 
of the perimeter of the support sleeve. 

[0014] In accordance With yet another preferred embodi 
ment, a method is provided for forming a seal betWeen parts 
of a semiconductor processing furnace. The method com 
prises circulating a gas inside a ?rst sealing channel that is 
de?ned by surfaces of a Wall. The ?rst sealing channel is 
open to a ?rst contact surface With a ?rst contact part. The 
Wall de?nes a support sleeve and partially separates a 
reaction space for processing Wafers and an ambient atmo 
sphere. The support sleeve supports a process tube. The 
method further comprises generating a ?rst pressure differ 
ential, Where a ?rst sealing channel gas pressure is either 
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greater than both a reaction space gas pressure and an 
ambient atmosphere gas pressure or the sealing channel gas 
pressure is less than both the reaction space gas pressure and 
the ambient atmosphere gas pressure. 

[0015] In accordance With yet another preferred embodi 
ment, a method is provided for manufacturing semiconduc 
tor devices. The method comprises ?oWing a gas around an 
interior of a Wall de?ning a support sleeve that supports a 
process, around the sleeve’s circumference, and expelling 
the gas out of a surface of the support sleeve. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] The invention Will be better understood from the 
detailed description of the preferred embodiments and from 
the appended draWings, Which are meant to illustrate and not 
to limit the invention, and Wherein: 

[0017] FIG. 1 is a cross-sectional side vieW of a furnace 
provided With a support sleeve according to a preferred 
embodiment of the invention; 

[0018] 
FIG. 1; 

[0019] FIG. 3 is a perspective vieW of the support sleeve 
of FIGS. 1 and 2; 

[0020] FIG. 4 is a partial cutaWay vieW of the support 
sleeve of FIG. 3; 

[0021] FIG. 5A is a cross-sectional side vieW of one 
section of the support sleeve of FIGS. 3 and 4, taken along 
the vertical plane 5A-5A of FIG. 3; 

[0022] FIG. 5B is a cross-sectional side vieW of one 
section of the support sleeve of FIGS. 3 and 4, taken along 
the vertical plane 5B-5B of FIG. 4; and 

[0023] FIG. 5C is a cross-sectional side vieW of one 
section of the support sleeve of FIGS. 3 and 4, taken along 
the vertical plane 5C-5C of FIG. 4. 

FIG. 2 is an enlargement of the loWer section of 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The preferred embodiments of the invention over 
come many of the disadvantages of conventional furnaces 
by providing, inter alia, a support sleeve for supporting a 
semiconductor process vessel and that comprises circumfer 
ential channels, i.e., channels extending along a perimeter of 
the support sleeve and providing a path for gas flow. The 
channels are preferably connected to gas communication 
lines that permit gas to be fed into, or exhausted out of, the 
channels. Advantageously, gas ?oWing through a circumfer 
ential channel at a top surface of the support sleeve can be 
used to form a gas seal betWeen the support sleeve and an 
overlying process tube or vessel. In conjunction With, or 
independent of the gas seal With the overlying process tube, 
gas ?oWing through a circumferential channel at a bottom 
surface of the support sleeve can be used to form a gas seal 
With a surface underlying the support sleeve. The support 
sleeve can also comprise gas injection holes for injecting 
gases into the process tube, the gas injection holes being 
located along a surface of the support sleeve facing a 
reaction space delimited by the process tube and preferably 
feeding gas from a circumferential channel into the reaction 
space, Where semiconductor Wafers can be processed. Also 
provided is a support sleeve having gas exhaust holes 
opening in the top surface of the sleeve. The gas exhaust 
holes are connected to a gas exhaust and can serve as an exit 

for gases inside the furnace. 
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[0025] Typically, a process tube rests by gravity alone on 
the top surface of the support sleeve, i.e., a structure capable 
of supporting an overlying process tube along an entire 
bottom perimeter of the process tube. Commonly, grinding 
and polishing of the contact surfaces of the process tube and 
of the support sleeve smoothes those surfaces, minimiZing 
gaps at the interface betWeen those surfaces and providing 
resistance against diffusion of gases betWeen the inside of 
the process tube and the ambient atmosphere. In such a Way, 
a reasonable seal can be achieved. Such seals are common 
in conventional prior art support sleeves. 

[0026] For critical applications, hoWever, this seal is not 
adequate, since some gas leakage can still occur. Further 
more, the quality of the seal is critically dependent upon the 
?atness and surface roughness of the contact surfaces. Any 
variations in the ?atness and/or roughness of the contact 
surfaces Will result in variations in the quality of the seal. 
Desirably, preferred embodiments of the invention prefer 
ably provide a superior seal. 

[0027] According to one preferred embodiment, a circum 
ferential channel is provided adjacent to and opening up 
along a top surface of a support sleeve. When used in a 
furnace for semiconductor processing, a process tube pref 
erably overlies and is supported by the support sleeve. 
Preferably the process tube rests by gravity alone on top of 
the support sleeve, although in other arrangements, 
mechanical means knoWn in the art can be used to increase 
the contact pressure betWeen the support sleeve and the 
process tube. Advantageously, With an opening at the sup 
port sleeve’s top surface, the circumferential channel can act 
as a scaling circumferential channel, providing a gas seal 
betWeen the process tube and the support sleeve. 

[0028] It Will be appreciated that the gas seal is a seal 
created by ?oWing gas across the interface betWeen the 
contacting surfaces of the process tube and the support 
sleeve, With the gas ?oWing out of or into the support sleeve. 
For example, in one embodiment, the sealing circumferen 
tial channel is connected to a gas communication line Which 
is a gas feed, preferably an inert gas feed, Which in turn is 
connected to a pressuriZed gas source, preferably, a pres 
suriZed inert gas source. The sealing circumferential channel 
is open to the top surface of the support sleeve. Preferably, 
the opening is a single continuous opening that extends the 
entire perimeter of the top surface. In another embodiment, 
the opening comprises a plurality of openings extending 
along the perimeter of the top surface, With each of the 
openings preferably separated by a distance no greater than 
the thickness of the support sleeve Wall. By feeding inert gas 
from the pressuriZed inert gas source into the sealing cir 
cumferential channel, the pressure of the inert gas inside the 
sealing circumferential channel can be made greater than 
both the pressure of gases inside the process tube and the 
pressure of gases outside the process tube, in the ambient 
environment. Thus, neither the pressure of gases in the 
reaction space, nor the pressure of gases in the ambient 
environment, is greater than the pressure of the gas in the 
sealing circumferential channel. As a result, inert gas can be 
made to flow out of the sealing circumferential channel and 
leak aWay in one direction into the reaction space delimited 
by the process tube and in the other direction into the 
ambient atmosphere. In this Way, the inert gas and its 
leakage constitutes a gas seal, With the gas leaking out from 
the seal substantially preventing gases in the reaction space 
from leaking into and through the seal and out of the seal 
into the ambient atmosphere, or vice versa. 
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[0029] Advantageously, providing a gas seal makes the 
quality of the seal more constant and reliable, and less 
dependent upon the ?atness and roughness of the contact 
surfaces. Another advantage of a gas seal is that it is as 
resistant to high temperatures as the simple mechanical 
(gravitational) seal resulting from contacting surfaces, but 
more effective in sealing, given its reduced dependence upon 
contact surface ?atness and roughness. Also, While inert 
gases generally, or mixtures of these gases, can be used for 
inert gas seals, suitable inert gases can conveniently include 
commonly used inert gases such as nitrogen (N2) or argon 

[0030] According to another preferred embodiment, an 
additional sealing circumferential channel is provided adja 
cent to a bottom surface of the support sleeve, the sealing 
circumferential channel being open to the bottom surface 
over the bottom surface’s entire length. As With the opening 
for the top surface sealing circumferential channel, prefer 
ably, the opening for the bottom surface sealing circumfer 
ential channel is a single continuous opening that extends 
the entire perimeter of the bottom surface. In another 
embodiment, the bottom surface sealing circumferential 
channel comprises a plurality of openings extending along 
the perimeter of the bottom surface, each opening preferably 
separated by a distance no greater than the thickness of the 
support sleeve Wall. In addition, the bottom surface of the 
support sleeve preferably constitutes part of a removable 
closure, i.e., in a closed position the bottom surface prefer 
ably mates With a structure that is removable from the 
furnace and forms a seal With the support sleeve. For 
example, the support sleeve preferably remains stationary, 
supporting the process tube and, as discussed beloW regard 
ing the illustrated embodiment, the removable closure is part 
of a pedestal, Which supports a Wafer boat and can be 
removed from the furnace. Upon being inserted into the 
furnace, the pedestal contacts the support sleeve, forming a 
mechanical seal With the support sleeve and acting as a 
closure. 

[0031] The bottom surface sealing circumferential channel 
is preferably connected to an inert gas feed Which in turn is 
connected to a pressuriZed source for inert gas. It Will be 
appreciated that the pressuriZed inert gas source can be the 
same as that used for the sealing circumferential channel at 
the top surface of the support sleeve, although separate inert 
gas feeds and separate gas sources can be used for each 
channel. In this Way, the additional sealing circumferential 
channel advantageously provides an inert gas seal at the 
bottom of the support sleeve, the gas seal being similar to the 
gas seal betWeen the support sleeve and the process tube at 
the top of the support sleeve. 

[0032] Thus, advantageously, the support sleeve prefer 
ably forms gas seals With overlying and underlying struc 
tures at contact interfaces With various overlying and under 
lying surfaces. Preferably, these interfaces include the points 
of contact betWeen four surfaces. For example, the bottom of 
a process vessel includes a ?rst surface Which contacts a 
second surface, the top surface of the support sleeve. A 
removable closure underlying the support sleeve includes a 
third surface Which contacts a fourth surface, the bottom 
surface of the support sleeve. In the illustrated embodiment, 
gas seals are formed betWeen the ?rst and second surfaces 
and betWeen the third and the fourth surfaces; the skilled 
artisan Will readily appreciate, hoWever, that a gas seal need 
not be formed at both interfaces, i.e., the seal can be formed 
at one or the other interface. 
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[0033] According to another preferred embodiment, one 
or both of the sealing circumferential channels can be 
connected to a gas communication line that is a gas exhaust. 
The exhaust is connected to an apparatus that generates a 
vacuum, e.g., a vacuum pump that is used to evacuate gas 
from the channel. In this embodiment, the pressure of the gas 
inside the sealing circumferential channel is less than either 
the pressure of gases inside the process tube or the pressure 
of gases outside the process tube, in the ambient environ 
ment. Consequently, a gas seal is formed by a loW pressure 
sealing channel so that gas, from inside the process tube and 
from the outside ambient atmosphere, is being draWn into 
the sealing circumferential channel and removed by the 
vacuum pump via the exhaust. 

[0034] An advantage of this embodiment is that process 
gases inside the process tube are not diluted With inert gas, 
as may occur When pressuriZed inert gas from a gas seal 
leaks into the process chamber. Such dilution may undesir 
ably in?uence process results on Wafers in the vicinity of the 
gas seal. As such, use of a vacuum, rather that pressuriZed 
inert gas, can reduce process variations caused by dilution of 
process gas. Also, this embodiment has the advantage of 
further securing the process tube to the support sleeve; that 
is, the process tube is kept in place on the support sleeve not 
only by gravitational forces, i.e., due to the process tube’s 
oWn Weight, but also by forces exerted by the vacuum. 

[0035] According to another preferred embodiment, a 
circumferential channel of the support sleeve is connected to 
a source of process gas and is also provided With a plurality 
of gas injection holes, distributed in a spaced-apart relation 
ship along the length of the circumferential channel. In this 
Way, the circumferential channel acts as a gas distribution 
circumferential channel. The gas injection holes open to the 
reaction space and alloW process gases to be discharged out 
of the gas distribution circumferential channel into that 
volume. Preferably, the gas injection holes provide the sole 
entry point for transporting gases into the reaction space. In 
addition, the gas injection holes are preferably equally 
spaced apart over the length of the gas distribution circum 
ferential channel. The cross sectional area of each gas 
injection hole is preferably small in comparison to the cross 
sectional area of the gas distribution circumferential chan 
nel, so that the ?oW of gas through each of the gas injection 
holes is approximately equal. As a result of the roughly 
equal ?oW of gases out of the gas injection holes and the 
roughly equal spacing of those holes from each other, a 
cylindrically symmetrical injection of process gas into the 
process tube is desirably achieved. 

[0036] In accordance With yet another preferred embodi 
ment, the support sleeve is provided With a circumferential 
channel that is connected to a gas exhaust and, so, acts as a 
gas exhaust circumferential channel. The gas exhaust cir 
cumferential channel is provided With a plurality of exhaust 
holes distributed in a spaced-apart relationship along the 
length of the gas exhaust circumferential channel. Prefer 
ably, the gas exhaust holes are equally spaced apart over the 
length of the gas exhaust circumferential channel. In addi 
tion, the cross-sectional area of each gas exhaust hole is 
preferably small in comparison to the cross-sectional area of 
the exhaust channel, so that the ?oW of gas through each of 
the gas exhaust holes is approximately equal and a cylin 
drically symmetrical exhaust of gas is achieved. 
[0037] Reference Will noW be made to the Figures, 
Wherein like numerals refer to like parts throughout. 
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[0038] FIG. 1 shows a furnace 5, provided With a support 
sleeve 100 according to preferred embodiments of the 
invention. FIG. 2 shoWs the loWer section of the furnace 5 
in greater detail. With reference to both FIGS. 1 and 2, an 
outer process tube or vessel 10 and an inner tube or vessel 
12 are both supported by a support sleeve 100, Which in turn 
is supported by ?anges 16. The support sleeve also contacts 
a ?ange 18, shoWn as part of the pedestal 60. The cylindrical 
process tube 10 terminates at a loWer end at a ?ange 11 and 
is surrounded by a cylindrical heating coil 20, a top heating 
coil 22, isolation material 30 and an outer shell 40. A 
doorplate 50 supports a pedestal 60, a support cylinder 70 
and a Wafer boat 80. The process area, or reaction space, 15, 
in Which process gases can interact With Wafers (not shoWn) 
during semiconductor fabrication processes, is delimited by 
the inner tube 12 (Which is open at its bottom and top ends 
and is inside the outer process tube 10), the outer process 
tube 10, the support sleeve 100 and the pedestal 60. Inside 
the inner tube 12, process gas moves in an upWard direction. 
The gas is exhausted from the top of the furnace in a 
doWnWard direction through the annular gap 13 betWeen the 
inner tube 12 and the outer process tube 10. 

[0039] Advantageously, in the illustrated embodiment, as 
described in greater detail beloW, the support sleeve 100 
forms gas seals With the overlying process vessel 10 and the 
underlying pedestal ?ange 18 at the interfaces betWeen 
various contact surfaces of those structures. As illustrated, 
the bottom of the ?ange 11 constitutes a ?rst surface Which 
is illustrated contacting a second surface, Which is the top 
surface of the support sleeve 100. The ?ange 18 constitutes 
a third surface Which contacts a fourth surface, Which is the 
bottom surface of the support sleeve 100. Gas seals can be 
formed betWeen the ?rst and second surfaces and betWeen 
the third and the fourth surfaces. 

[0040] FIGS. 3 and 4 are perspective vieWs shoWing the 
support sleeve 100 in greater detail, With FIG. 4 being a 
partial cutaWay vieW of the support sleeve 100 shoWn in 
FIG. 3. The support sleeve 100 is illustrated With a bottom 
surface 102, an outer surface 104, an inner surface 106 and 
a top surface 108. With reference to FIG. 4, the illustrated, 
exemplary embodiment is provided With four circumferen 
tial channels: 

[0041] an upper sealing circumferential channel 120, 
for providing a seal With the overlying process tube 
10 (FIG. 1); 

[0042] a loWer sealing circumferential channel 122, 
for providing a seal With an underlying surface, e.g., 
a removable closure such as the surface 18 (FIG. 2) 
of the pedestal 60; 

[0043] a gas distribution circumferential channel 
124; and 

[0044] 
[0045] The upper sealing circumferential channel 120 is 
open at the top surface 108 of the support sleeve 100. 
Preferably, the channel 120 is completely open at the top 
surface 108, such that the opening extends continuously 
along the perimeter of the top surface 108. The upper sealing 
circumferential channel 120 is connected to a gas commu 
nication line, represented by the tube 110, Which can be used 
for feeding pressuriZed gas into the upper sealing circum 
ferential channel 120 or to evacuate gas from the upper 

a gas exhaust circumferential channel 126. 
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sealing circumferential channel 120. It Will be appreciated 
that in a case Where pressuriZed gas is fed into the upper 
sealing circumferential channel 120, the tube 110 is con 
nected to a source of pressuriZed gas (not shoWn) and Where 
gas is evacuated from the upper sealing circumferential 
channel 120, the tube 110 is connected to a vacuum gen 
erator (not shoWn), e.g., a vacuum pump. 

[0046] The loWer sealing circumferential channel 122 is 
provided With a slit 123, shoWn continuously open along the 
entire length of the channel 122, the opening open to the 
loWer surface 102 of the support sleeve 100. The loWer 
sealing circumferential channel 122 is connected to a gas 
communication line, represented by the tube 112, that can be 
used for feeding pressuriZed inert gas to the loWer sealing 
circumferential channel 122 or to evacuate gas from the 
loWer sealing circumferential channel 122. As discussed 
above, it Will be appreciated that in a case Where pressuriZed 
gas is fed gas to the upper sealing circumferential channel 
120, the tube 110 is connected to a source of pressuriZed gas 
(not shoWn) and Where gas is evacuated from the upper 
sealing circumferential channel 120, the tube 110 is con 
nected to a vacuum generator (not shoWn), e.g., a vacuum 
pump. 

[0047] The gas distribution circumferential channel 124 is 
provided With a plurality of gas injection holes 134, Which, 
as illustrated, are preferably equally spaced and distributed 
in a spaced-apart relationship over the length of the gas 
distribution circumferential channel 124. The gas injection 
holes 134 open into a loWer annular gap 17 (FIGS. 1 and 2). 
The gas distribution circumferential channel 124 is con 
nected to a gas communication line, represented by the gas 
feed tube 114, Which is further connected to one or more 

process gas sources (not shoWn). 

[0048] The gas exhaust circumferential channel 126 is 
closed at the top by a ring 130, Which is provided With a 
plurality of gas exhaust holes 132, Which, as illustrated, are 
preferably equally spaced and distributed in a spaced-apart 
relationship over the circumference of the ring 130. The gas 
exhaust holes 132 open into the annular exhaust gap 13 
(FIG. 1) to alloW gas to exit the reaction space 15 (FIG. 1). 
As such, the gas exhaust circumferential channel 126 is 
connected to an exhaust tube 116. 

[0049] FIGS 5A, 5B and 5C shoW side vieWs of different 
cross sections of the support sleeve 100, taken at different 
locations. FIG. 5A shoWs a cross-section taken through the 
exhaust tube 116, along the vertical plane 5A-5A of FIG. 3. 
Notably, the exhaust tube 116 is shoWn connected to the gas 
exhaust circumferential channel 126 (see also FIG. 4). 

[0050] FIG. 5B shoWs a cross-section taken at the location 
of one of the gas injection holes 134, along the vertical plane 
5B-5B of FIG. 4. Notably, the gas injection hole 134 is 
shoWn providing an opening for the gas distribution circum 
ferential channel 124 (see also FIG. 4). 

[0051] FIG. 5C shoWs a cross section taken at the location 
of one of the gas exhaust holes 132, along the vertical plane 
5C-5C of FIG. 4. Notably, the gas exhaust hole 132 is shoWn 
providing an opening for the gas distribution circumferential 
channel 126 (see also FIG. 4). 

[0052] Semiconductor processing performed in accor 
dance With preferred embodiments of the invention offers 
numerous advantages. For example, With reference to FIGS. 
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1 and 4, during semiconductor processing, the process tube 
10 sits on the upper surface 108 of the support sleeve 100 so 
that the upper sealing circumferential channel 120 is com 
pletely closed off by the ?ange 11 of the process tube 10. The 
inner tube 12 also rests on the upper surface 108 and, more 
particularly, on the part of the top surface of the ring 130 that 
is closer to the center of the process tube. Process gas is 
injected into the reaction space 15 of the furnace 5 through 
the gas injection holes 134. Preferably, the gas injection 
holes 134 are substantially equally spaced apart and have a 
cross-sectional area Which, relative to the cross-sectional 
area of the gas distribution circumferential channel, is small 
enough to alloW the How of gas through each of the gas 
injection holes 134 to be approximately equal, in Which case 
a cylindrically symmetrical injection of process gas into the 
process tube, by Way of the loWer gap 17 betWeen the 
support sleeve 100 and the pedestal 60, can be achieved. It 
Will be appreciated that the reaction space 15 is de?ned by 
the inner tube 12 and is occupied by Wafers (not shoWn) 
during processing. 

[0053] With continuing reference to FIGS. 1 and 2, 
during passage of the injected gas through the gas distribu 
tion circumferential channel 124 (FIG. 4), and during pas 
sage of the gas in an upWard direction in the loWer gap 17 
betWeen the support sleeve 100 and the pedestal 60, an 
effective heat transfer occurs from the support sleeve 100 
and the pedestal 60 to the gas because of the very large 
contact area over the gas flow path through the loWer gap 17. 
It Will be appreciated that the loWer gap 17 is a subsection 
of the reaction space 15. Desirably, because of the cylindri 
cally symmetrical flow pattern of the gas after injection, heat 
Will be WithdraWn from the pedestal 60 and the support 
sleeve 100 in a substantially cylindrically symmetrical Way. 
Consequently, When the gas enters the reaction space 15 
delimited by the inner tube 12, it Will be effectively pre 
heated Without signi?cantly disturbing the temperature sym 
metry in loWer regions of the furnace 5. Then the gas 
contacts Wafers stored in the Wafer boat 80 and moves 
toWard the top of the furnace 5. The gas is then symmetri 
cally exhausted by flowing down the exhaust gap 13 
betWeen the inner tube 12 and the outer tube 10, then flowing 
through the gas exhaust holes 132 in the upper surface 108 
of the support sleeve 100, the gas exhaust circumferential 
channel 126 (FIG. 4) and the exhaust tube 116 (FIG. 3). It 
Will be appreciated that substantially equal spacing of the 
gas exhaust holes 132 and the cylindrically symmetrical 
upWard flow pattern of the injected gas contributes to the 
symmetrical exhaust through the holes 132. 

[0054] With reference to FIG. 2, in constructing the 
support sleeve 100, as shoWn in, e.g., FIGS. 2 and 4, the 
upper part 100a of the support sleeve 100 preferably has an 
inner diameter Which is slightly smaller than the inner 
diameter of the inner tube 12, so that the inner tube 12 can 
adequately be supported While roughly concentrically 
aligned With the outer process vessel 10 and While also 
alloWing for some tolerance in the diameters and the posi 
tioning of the inner tube 12 on top of the support sleeve 100. 
The loWer part 100b of the support sleeve 100, hoWever, 
need not have the same diameter as the upper part 100a. For 
example, as illustrated in FIGS. 1-5, the loWer part 100b can 
have an enlarged diameter relative to the support sleeve 
100’s inner diameter at its top surface 108, so that a loWer 
part of a pedestal, such as the loWer part 60b of the 
illustrated pedestal 60, With enlarged diameter relative to an 
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upper part of the pedestal, such as upper part 60a of the 
illustrated pedestal 60, can be accommodated. Thus, in the 
preferred embodiments, the inner diameter of the loWer part 
100b of the support sleeve 100 is sufficiently large such that 
the pedestal 60 can be accommodated, With a loWer part 
100b of the support sleeve 100 having a diameter equal to or 
larger than the inner diameter of the inner tube 12. Advan 
tageously, in this Way, heat transport by radiation along lines 
of direct sight from the hot region of the furnace 5 is 
prevented because the line of direct sight is broken. 

[0055] It Will be appreciated that the support sleeve 100, 
having circumferential channels such as the circumferential 
channels 120, 122, 124 and/or 126 according to preferred 
embodiments of the invention, is a complex structure that is 
expensive to manufacture. Consequently, the support sleeve 
is preferably made of quartZ, Which alloWs shaping by cold 
machining techniques and hot Welding and deformation 
techniques. The quartZ material is preferably an opaque 
quartZ material and not a clear quartZ material. With clear 
quartZ, although thermal conductivity is relatively loW, heat 
transport due to radiation traveling through the quartZ can be 
substantial. With opaque quartZ, hoWever, heat transport by 
radiation is advantageously effectively prevented. 

[0056] It Will also be appreciated that making complex 
structures With quartZ is easier and simpler than making such 
structures With a SiC material, such as that typically used in 
making process tubes for high temperature processing. By 
concentrating the structural complexity of the sealing, gas 
feed and gas exhaust circumferential channels into the 
quartZ support sleeve, the design of the SiC process tube 
remains simple: it is just a simple tube, closed at the top, 
having a ?ange at the bottom and having uniformly smooth 
sideWalls, i.e., sideWalls Which do not have Without any 
connection tubes or other protrusions. Further, because of 
the cylindrically symmetrical gas flow facilitated by a sup 
port sleeve according to the preferred embodiments, such as 
the illustrated support sleeve 100, the use of a complicated 
boat rotation mechanism to average out non-uniformities 
caused by non-cylindrically symmetrical process gas flows 
is desirably made unnecessary. Therefore, in addition to 
achieving better results than prior art support sleeves, pro 
viding a furnace With a support sleeve according to the 
preferred embodiments is a very cost-effective solution to 
problems associated With prior art furnaces. 

[0057] It Will be appreciated that, in practice, a means of 
alignment is also preferably provided so that the outer 
process tube 10, the inner tube 12 and the support sleeve 100 
can be properly positioned relative to each other. These 
alignment means can be formed by centering cams (not 
shoWn) provided on the outer tube 12, the support sleeve 100 
and/or the inner tube 12. 

[0058] It Will also be appreciated that although the pre 
ferred embodiments are described in the context of a high 
temperature furnace, Wherein the process tube is made of 
SiC and the support sleeve of quartZ, and Wherein the 
preferred embodiments are particularly advantageous, the 
present teachings are not limited to this context. Conse 
quently, While the design is an elegant one, resulting in a 
high degree of cylindrical symmetry, it can be expected that 
the advantages of a support sleeve according to the preferred 
embodiments can be exploited in other circumstances. For 
example, in other arrangements, it is possible to apply the 
preferred embodiments to circumstances Wherein the tem 
peratures are moderately high, so that quartZ process tubes 
can be used. 
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[0059] Moreover, While the preferred embodiments have 
been described in the context of cylindrical process vessels 
or tubes, it Will be appreciated that the process vessels need 
only have a holloW shape and be able to accommodate 
Wafers for processing; the actual horiZontal cross-sectional 
shape of the process vessel and, by extension, the horiZontal 
cross-sectional shape of the support sleeve, is not limited by 
the present teachings. Preferably, hoWever, the shape is a 
smooth curve, such as a circle, to facilitate cylindrical 
symmetry in process gas ?oW. In addition, While the support 
sleeve is illustrated directly contacting the process tube 
and/or removable closure, intervening structures betWeen 
the support sleeve and/or removable closure are also con 
templated. 
[0060] Similarly, various other modi?cations, omissions 
and additions may be made to the methods and structures 
described above Without departing from the scope of the 
invention. All such modi?cations and changes are intended 
to fall Within the scope of the invention, as de?ned by the 
appended claims. 

We claim: 
1. A support sleeve for supporting a process vessel in a 

furnace for semiconductor processing, comprising: 

a Wall de?ning the support sleeve; 

a top surface; 

a bottom surface; and 

at least one channel, Wherein surfaces of the Wall de?ne 
sides of the at least one channel, the at least one channel 
extending in a horiZontal direction along the Wall and 
connected to a gas communication line. 

2. The support sleeve of claim 1, Wherein the at least one 
channel comprises a process vessel sealing channel disposed 
in an upper portion of the support sleeve, the process vessel 
sealing channel comprising a process vessel sealing channel 
opening open to the top surface, the process vessel sealing 
channel opening extending along a perimeter of the Wall. 

3. The support sleeve of claim 2, Wherein the process 
vessel sealing channel opening is continuously open along 
the entire perimeter of the Wall. 

4. The support sleeve of claim 2, Wherein the top surface 
sealing channel is connected to an inert gas feed. 

5. The support sleeve of claim 2, Wherein the top surface 
sealing channel is connected to an exhaust for causing a 
vacuum in the top surface sealing channel. 

6. The support sleeve of claim 1, Wherein the at least one 
channel comprises a bottom surface sealing channel dis 
posed in loWer portion of the support sleeve, the bottom 
surface sealing channel having a bottom surface sealing 
channel opening open to the bottom surface, the bottom 
surface sealing channel opening extending along a perimeter 
of the Wall. 

7. The support sleeve of claim 6, Wherein the bottom 
surface sealing channel opening is continuously open along 
the entire perimeter of the Wall. 

8. The support sleeve of claim 6, Wherein the at least one 
channel further comprises a process vessel sealing channel 
disposed in an upper portion of the support sleeve, the 
process vessel sealing channel having a process vessel 
sealing channel opening open to the top surface, the process 
vessel sealing opening extending an entire perimeter of the 
Wall. 
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9. The support sleeve of claim 6, Wherein the bottom 
surface sealing channel is connected to an inert gas feed. 

10. The support sleeve of claim 6, Wherein the bottom 
surface sealing channel is connected to an exhaust for 
causing a vacuum in the bottom surface sealing channel. 

11. The support sleeve of claim 1, Wherein the at least one 
channel comprises a gas exhaust channel, Wherein the gas 
exhaust channel comprises a gas exhaust opening on the top 
surface. 

12. The support sleeve of claim 11, Wherein the gas 
exhaust opening comprises a plurality of circular holes, 
Wherein the holes are equally spaced along a gas exhaust 
channel length. 

13. The support sleeve of claim 1, Wherein the at least one 
channel comprises a gas distribution channel, Wherein the 
gas distribution channel comprises an opening to a volume 
partially delimited by the Wall. 

14. The support sleeve of claim 13, Wherein the volume 
comprises a reaction space of the furnace. 

15. The support sleeve of claim 13, Wherein the gas 
distribution channel is connected to a gas feed for a process 
gas. 

16. The support sleeve of claim 15, Wherein the opening 
comprises a plurality of holes. 

17. The support sleeve of claim 16, Wherein the holes are 
substantially equally spaced apart and aligned on a horiZon 
tal plane. 

18. The support sleeve of claim 17, Wherein a How of a 
process gas through a reaction space of the furnace is 
cylindrically symmetrical. 

19. The support sleeve of claim 17, Wherein a ratio of a 
?rst cross-sectional area of the opening to a second cross 
sectional area of the gas distribution channel is chosen such 
that a How rate of a gas passing through each hole is 
substantially equal. 

20. The support sleeve of claim 1, Wherein a horiZontal 
cross-section of the support sleeve has a generally circular 
shape. 

21. The support sleeve of claim 1, Wherein the support 
sleeve comprises quartZ. 

22. The support sleeve of claim 1, Wherein the support 
sleeve comprises opaque quartZ. 

23. A semiconductor processing furnace, comprising: 

a process vessel support sleeve having a ?rst surface on 
Which the process vessel is supported, the ?rst surface 
having a perimeter; and 

a process vessel overlying the support sleeve and having 
a second surface, the second surface contacting the ?rst 
surface, 

Wherein the ?rst surface comprises a ?rst surface opening, 
the opening extending over a length of an interface 
betWeen the ?rst surface and the second surface, the 
interface extending over a length of the perimeter. 

24. The furnace of claim 23, Wherein the ?rst surface 
comprises a top surface of the support sleeve and the second 
surface comprises a bottom surface of the process tube. 

25. The furnace of claim 23, Wherein the ?rst surface 
supports the process vessel and an inner tube, Wherein the 
inner tube is concentrically aligned With and has an inner 
tube circumference smaller than a process vessel circumfer 
ence. 
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26. The furnace of claim 25, wherein a top surface of the 
support sleeve has an inner circumference, Wherein the inner 
circumference is smaller than the inner tube circumference. 

27. The furnace of claim 25, Wherein the furnace further 
comprises a gas exhaust channel, the gas exhaust channel 
comprising a plurality of holes on the ?rst surface. 

28. The furnace of claim 27, Wherein the plurality of holes 
open into a volume betWeen the process tube and the inner 
tube. 

29. The furnace of claim 23, further comprising a closure 
that can be removed from the furnace, the closure underlying 
the support sleeve and having a third surface contacting the 
support sleeve at a fourth surface of the support sleeve, the 
fourth surface extending a perimeter of the support sleeve 
and having a fourth surface opening extending a fourth 
surface length. 

30. The furnace of claim 29, Wherein the third surface 
comprises a top surface of the closure and the fourth surface 
comprises a bottom surface of a support sleeve. 

31. The furnace of claim 30, Wherein the closure com 
prises a pedestal for supporting a Wafer boat. 

32. The furnace of claim 29, Wherein the fourth surface 
opening is a slit. 

33. The furnace of claim 23, Wherein a seal is formed by 
supplying pressuriZed gas to the ?rst surface opening. 

34. The furnace of claim 33, Wherein gas ?oWs out of the 
?rst surface opening and betWeen the ?rst surface and the 
second surface. 

35. The furnace of claim 33, Wherein the pressuriZed gas 
is an inert gas. 

36. The furnace of claim 35, Wherein the inert gas 
comprises a nitrogen gas. 

37. The furnace of claim 35, Wherein the inert gas feed 
comprises an argon gas. 

38. The furnace of claim 23, Wherein the seal is formed by 
generating a vacuum in the ?rst surface opening. 

39. The furnace of claim 38, Wherein gas ?oWs into the 
?rst surface opening. 

40. A method for forming a seal betWeen parts of a 
semiconductor processing furnace, comprising: 

circulating a gas inside a ?rst sealing channel, the ?rst 
sealing channel de?ned by surfaces of a Wall and open 
to a ?rst contact surface With a ?rst contact part, the 
Wall de?ning a support sleeve and partially separating 
a reaction space for processing Wafers and an ambient 
atmosphere, the support sleeve supporting a process 
tube; and 

generating a ?rst pressure differential, Wherein a ?rst 
sealing channel gas pressure is either greater than both 
a reaction space gas pressure and an ambient atmo 
sphere gas pressure or the sealing channel gas pressure 
is less than both the reaction space gas pressure and the 
ambient atmosphere gas pressure. 

41. The method of claim 40, Wherein the support sleeve 
further supports an inner tube, Wherein the inner tube is 
concentrically aligned With and has an inner tube circum 
ference smaller than a process tube circumference. 

42. The method of claim 40, Wherein generating a ?rst 
pressure differential comprises expelling gas out of the 
sealing channel into the reaction space and the ambient 
atmosphere. 
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43. The method of claim 40, Wherein the gas is an inert 
gas. 

44. The method of claim 43, Wherein the gas is nitrogen 
gas. 

45. The method of claim 43, Wherein the gas is argon gas. 
46. The method of claim 40, Wherein the ?rst contact part 

is a loWer surface of the process tube. 

47. The method of claim 46, further comprising generat 
ing a second pressure differential, Wherein a second sealing 
channel gas pressure is either greater than or less than both 
the reaction space gas pressure and the ambient atmosphere 
gas pressure, Wherein the second sealing channel is de?ned 
by surfaces of the Wall, the second sealing channel opening 
to a second contact surface With a closure that can be 

removed from the furnace, the closure underlying the sup 
port sleeve. 

48. The method of claim 47, Wherein the closure com 
prises a pedestal. 

49. The method of claim 40, further comprising ?oWing 
a process gas around an interior of the Wall and injecting the 
process gas into the reaction space. 

50. The method of claim 49, further comprising removing 
the process gas from the reaction space by ?oWing the 
process gas through a plurality of openings in the ?rst 
contact surface. 

51. A method for manufacturing semiconductor devices, 
comprising: 

?oWing a gas around a circumference of a support sleeve, 
Wherein ?owing occurs inside a Wall de?ning the 
support sleeve and Wherein the support sleeve supports 
a process tube; and 

expelling the gas out of a surface of the support sleeve. 
52. The method of claim 51, comprising processing a 

Wafer at a temperature higher than about 1100° C. 
53. The method of claim 52, Wherein the temperature is 

about 1350° C. 
54. The method of claim 51, Wherein expelling comprises 

injecting the gas out of a plurality of holes into a reaction 
space inside a semiconductor processing furnace. 

55. The method of claim 54, Wherein the gas exits each 
hole of the plurality of holes at a substantially equal rate. 

56. The method of claim 55, Wherein the gas moves in a 
cylindrically symmetrical ?oW pattern after exiting the plu 
rality of holes. 

57. The method of claim 54, Wherein the gas is removed 
from the reaction space through a plurality of openings on a 
top surface of the support sleeve. 

58. The method of claim 51, further comprising feeding 
pressuriZed inert gas into a ?rst sealing channel at a top 
surface of the support sleeve. 

59. The method of claim 58, further comprising generat 
ing a vacuum in a second sealing channel at a bottom surface 
of the support sleeve. 

60. The method of claim 58, further comprising feeding 
pressuriZed inert gas into a second sealing channel at a 
bottom surface of the support sleeve. 


